Abstract Training that focuses on strength, balance, and endurance, the so-called combined exercise, can enhance physical function, including gait, according to a literature review. However, the effects of combined exercise on improving gait variability are limited. The objective of this study is to investigate the effects of 12 weeks of combined exercise comprised of resistance, endurance, and balance training on gait performance in older adults. Twenty-nine community-dwelling older adults were recruited and assigned to either the experimental group (n= 17) or the control group (n=12). The 12-week intervention was a combined exercise program at 1 h per day and 3 days per week. The participants received an assessment for both a 6-min walk and gait during both habitual walking and fast walking conditions at pre-intervention and after 8 and 12 weeks of exercise. The 6-min walk was used to assess gait endurance. GAITRite was used to evaluate gait. An analysis of covariance with the pretest score as the covariate was used to determine the difference in each dependent variable between groups. The level of significance was set as p less than 0.05. Our results showed significant between-group effects in the 6-min walk and velocity, stride time, and stride length in both conditions after 8 weeks of exercise and significant between-group effects in the 6-min walk test and all selected gait parameters in both conditions after 12 weeks of exercise. Our findings demonstrate that a 12-week combined exercise program may positively affect gait endurance and gait performance including gait variability in habitual walking and fast walking conditions among older adults. The current study provides important evidence of short-term combined exercise effects on improvements in gait performance.
2001b). Variability in gait characteristics, specifically stride time and swing time, has been shown to be predictive of falls when gait speed failed to distinguish between community-dwelling older persons who had fallen and those who had not fallen (Hausdorff et al. 1997) . Previous findings reported that step time variability and step length variability are greater in older adults in the general population and not just in those with disease (Hausdorff et al. 1998; Syddall et al. 2010 ). Thus, a suitable intervention should be provided to counteract the reduced gait speed and increased gait variability in older adults.
Exercise is a key intervention for improving physical function in older adults. The benefits of exercise in either delaying physical dependence or improving physical performance in the elderly population have long been recognized (American College of Sports Medicine et al. 2009; Gates et al. 2008; Toto et al. 2012) . The American College of Sports Medicine recommends aerobic, muscle strengthening, and flexibility exercises for older people (American College of Sports Medicine 2014). A previous meta-analysis reported that aerobic training, flexibility, balance, and relaxation exercises contributed to improve habitual gait speed without a significant effect on fast gait speed (Lopopolo et al. 2006) . These authors speculated that the lack of positive results in fast gait speed may be due to inadequate intensity and/or dosage. Subsequently, a randomized controlled study showed that a 48-week combined exercise program was effective in improving maximal walking time and maximal step length (Park et al. 2008) . However, poor long-term adherence to these increased activity levels in older adults is another possible reason for insignificant results. Moreover, little work has been done to investigate the effects of combined exercise on gait variability. Therefore, we designed a short-term combined exercise program with high intensity and high dosage. The aim of this study was to investigate the effects of a 12-week intensive, combined exercise program consisting of resistance, endurance, and balance training on gait performance, especially the gait variability, in older adults.
Methods

Participants
Participants were recruited from local public health centers in Taipei. All participants met the following inclusion criteria: (1) age greater than 65 years and (2) ability to walk outdoors independently without devices. The exclusion criteria were as follows: (1) unstable medical conditions interfering with participation in the study and (2) diagnosis of dementia, psychosis, neurological disease, or depression. A total of 33 participants were recruited and participated in the study.
Procedure
This study is a nonrandomized clinical controlled trial. The study protocol was approved by the Institutional Review Board of Taipei City Hospital. The purpose, nature, and potential risks of the experiments were fully explained to the participants, and all participants gave written, informed consent before participating in the study. The participants were allocated into either the experimental or control group according to their choice to increase compliance. The experimental group received a combined exercise program of 1 h at three times a week for 12 weeks, whereas the control group attended six education classes regarding health during the 12-week period. Outcome measurements were performed prior to the intervention and after 8 and 12 weeks of exercise. Measurements included a 6-min walk test and gait performance in both habitual walking and fast walking conditions. Information about age, gender, height, weight, and medical status were obtained from interviews.
Intervention
Participants in the experimental group underwent combined exercise for 1 h per day at 3 days every week for 12 weeks. The exercise program was based on suggested exercise programs for elderly populations from the American College of Sports Medicine and comprised 20 min of resistance training, 20 min of endurance training, and 20 min of balance training (American College of Sports Medicine 2014). During the exercise period, a qualified physical therapist provided guidance and assistance for each participant. The resistance training targeted the lower extremity muscles and involved hip flexion, hip extension, knee flexion, ankle plantarflexion, bodyweight squats in standing, knee extension in sitting, and ankle dorsiflexion in supine. The maximal voluntary isometric contraction of each muscle group was measured using a handheld dynamometer (PowerTrack II; JTech Medical, USA). Training intensity began from 50 % maximal voluntary contraction for ten repetitions and then progressively increased to 75-80 % maximal voluntary contraction. There was a 5-min stretching exercise before and after resistance training to prevent muscle soreness and injury (Jamtvedt et al. 2010) . The endurance training program was a sequence of whole-body activities, including a 5-min warm-up, 20 min of endurance training, and a 5-min cool-down exercise. Stepping, marching, brisk walking, and spinning a hula hoop with upper limb movements were included in the endurance exercise. The training intensity was set at 70-75 % maximal heart rate (220−age), and ratings of perceived exertion were recorded during the training period so as to modify the dose of the intervention. The balance exercise program involved static and dynamic balance training. Static balance training included standing on the ground with different materials and bases of support, forward reaching, and a single stance. Dynamic balance training included straight walking, sideway walking, backward walking, and figure 8 walking.
Participants in the control group attended six education classes regarding health for 1 h per day at 1 day every 2 weeks for 12 weeks. The class was provided information regarding common exercises for the elderly, individualized exercise programs, and prevention of exercise injuries.
Measurements
Six-minute walk test The 6-min walk test was used to evaluate functional status and exercise endurance (Bautmans et al. 2004; Enright et al. 2003) . This test was conducted along a 30-m hallway marked in 1-m increments. A line was made at each end of the walkway to indicate where the person was to turn. Participants walked alone without any assistive device during the test unless the evaluator felt that they were unsafe. Participants were instructed to try to cover as much distance as possible within 6 min without running. Participants were allowed to rest or stop when necessary. The reliability of the 6-min walk test in healthy elderly persons is high (Steffen et al. 2002) .
Gait performance The GAITRite system (GAITRite, CIR Systems Inc., USA) was used to evaluate gait performance. It comprises a portable carpet walkway (length 5 m, width 0.9 m) with 16,128 sensors embedded within its length. The sampling rate of the system is 80 Hz. When the subject walks over the carpet, the sensors under the carpet collect data on spatial and temporal gait parameters. The validity and reliability of gait performance in the elderly had been well established (Brach et al. 2008; Menz et al. 2004; Trombetti et al. 2011) .
Gait was evaluated during walking at both habitual and fast speeds. Participants were instructed to walk at a comfortable pace for three trials and then to walk at a fastest pace for three trials. The time between trials was 1 min. Data were averaged from the three trials at both the habitual and fast speeds. Gait parameters of interest were velocity (cm/s), stride time (s), stride length (cm), stride time variability (%), and stride length variability (%). The coefficient of variation (CV) was used to assess the variability, stride-to-stride consistency, and rhythmicity of gait (Hausdorff et al. 2001b) . Lower values reflected a more consistent gait pattern. The formula of CV given as a percentage is as follows: standard deviation/mean ×100 %.
Sample size
The sample size calculation was based on gait variability, which is the primary outcome in this study. The sample size was determined using G*power based on an effect size f of 0.25, an alpha level of 5 %, 80 % power, and an ANOVA model with repeated measures. A total sample size of 28 participants was indicated.
Statistical analysis
All analyses were performed using the SPSS 19.0 statistical package (SPSS Inc., Chicago, IL, USA). Descriptive statistics were generated for all variables, and distributions of variables were expressed as the mean ± standard deviation. Intergroup differences among baseline characteristics were evaluated using an independent t test or chi-square analysis. An analysis of covariance with the pretest score as the covariate was used to determine the differences of each dependent variable between groups. The statistical significance was set at p less than 0.05. The current study reported η 2 with confidence intervals as an index of effect size. η 2 is the proportion of the total variance that is attributed to an effect. It ranges in value from 0 to 1: η 2 ≥0.01 is regarded as a small effect, η 2 ≥0.06 is a medium effect, and η 2 ≥0.14 is a large effect. The formula is as follows: η 2 =sum of squares between/sum of squares total.
Results
As shown in the flowchart (Fig. 1) , 91 individuals were screened and 33 enrolled. Of these, 15 were assigned to the control group, and 18 were assigned to the experimental group. Of 33 participants, four did not complete the intervention (three in the control group and one in the experimental group). The 29 participants who completed the intervention attended all intervention sessions. None of the participants reported any adverse events.
Demographic characteristics of participants in both groups are presented in Table 1 . The differences in the demographics of the two groups were insignificant. Moreover, differences in all pre-intervention selected outcome measures of the two groups were insignificant (Table 2) .
These results of the intervention effects are presented in Table 2 . Analysis of covariance showed that there were significant between-group effects in the 6-min walk test and velocity, stride time, and stride length at both habitual and fast walking speeds after 8 weeks of exercise. The analysis also showed significant betweengroup effects in the 6-min walk test and all selected gait parameters at both habitual and fast walking conditions after 12 weeks of exercise. 
Discussion
In the current study, we demonstrated that a 12-week combined exercise program is effective in improving gait performance, including stride time variability and stride length variability, in both habitual and fast walking conditions. The current findings extend the existing knowledge of the effects of exercise intervention to improve gait and functional ability among older adults.
A previous meta-analysis reported that therapeutic exercise can improve gait speed in communitydwelling elderly people and that both intensity and dosage are important contributing factors (Lopopolo et al. 2006) . Our exercise program would be classified as a high-intensity and high-dosage exercise based on previous studies and guidelines (American College of Sports Medicine 2014; Fox et al. 1975; Lopopolo et al. 2006; Rhea et al. 2003) . Current results showed that walking endurance and gait performance, including walking velocity, stride time, and stride length in both habitual walking and fast walking conditions, improved significantly in the experimental group compared with those in the control group after both 8 and 12 weeks of exercise (Table 2) . Our findings are consistent with those of previous studies. Zhuang et al. (2014) reported that a 12-week combined exercise program improved balance, gait performance, muscle strength, and lower limb joint range in community-dwelling older adults. Rubenstein et al. (2000) showed that a 12-week combined exercise program improved muscle endurance, walking endurance, and gait performance in fall-prone elderly men. These findings suggest that a short-term exercise intervention with a combination of strength, endurance, and balance training may improve joint mobility, muscle strength, and endurance and lead to improvements in walking endurance and gait performance among older adults. Our results also support a relationship between intensity and dosage of the exercise program and improvements in gait performance in both habitual walking and fast walking conditions among community-dwelling elderly people.
Combined exercise did not reduce gait variability after 8 weeks of exercise in the present study, which is not surprising given the short intervention period. A previous study demonstrated that inter-stride variability did not change after an 8-week supervised Pilates program in elderly subjects (Newell et al. 2012) . Also, Granacher et al. (2012) showed that an 8-week salsa dancing program did not have significant effects on gait variability in older adults. In contrast, our results showed a significant decrease in gait variability after 12 weeks of exercise. The same finding was also reported in elderly adults following 6 weeks of intense balance training and 6 months of a multitask exercise program (Granacher et al. 2010; Trombetti et al. 2011) . However, in a 6-month randomized trial of home-based multimodal exercise, significant exercise-related decreases in stride time variability were not achieved (Hausdorff et al. 2001a) . Different training intensities and dosages applied in these studies may explain the discrepancies in findings (Lopopolo et al. 2006; Granacher et al. 2010) . Furthermore, previous studies demonstrated that stride time variability and stride length variability were both associated with postural sway and muscle strength (Hausdorff et al. 2001a (Hausdorff et al. , 2001b Callisaya et al. 2010) . Our combined exercise program of balance training and muscle strengthening may include the key components to reduce stride time variability and stride length variability.
Previous studies showed that healthy young adults increase gait variability when they walk at slower speeds (Dingwell and Marin 2006; Yamasaki et al. 1991) . Increased gait variability in older adults may be simply a result of slower walking speed or of other factors related to aging. Kang and Dingwell (2008) demonstrated that greater variability existed in older adults for stride time, step length, and trunk roll, independent of differences in speed. The greater variability observed in the gait of older adults may result more from a loss of strength and flexibility than from their slower speeds (Kang and Dingwell 2008) . In the present study, the intervention effect on gait variability may not occur as a result of enhanced gait speed. Current results showed that a significant improvement in gait speed was observed after 8 weeks of exercise, but a significant improvement in gait variability was observed after 12 weeks of exercise, suggesting that the intervention had a direct effect on gait variability. The limitations of this study involved lack of randomization of the sample and small sample size. Future work should have a large sample size and a randomized procedure to investigate the effects of combined exercise training on gait performance. Despite the existing evidence of an association between step width variability and a history of falls in older adults (Brach et al. 2005) , step width variability was omitted in the current study and should be therefore taken into account in future research. It will also be helpful to examine the factors that contribute to gait variability and the relationships between gait variability and physiological or neuropsychological functions. Regarding neuropsychological functions, dual-tasking is a typical example that involves the potential influence of a cognitive task while performing a motor task, which is particularly evident during aging . A recent review showed a lack of evidence on the effect of using exercise to improve dual-task balance indices . Further studies could focus on intervention strategies to improve dual-task ability. Furthermore, both land-and water-based exercises have been shown to improve physical function in the elderly (Bergamin et al. 2013 ). Future high-quality studies should consider measuring gait performance after water-based exercise interventions.
Conclusions
The current results showed that a 12-week combined exercise program effectively improves gait performance, including gait variability in both habitual walking and fast walking conditions, among older adults. Given that gait variability is associated with fall risk (Hausdorff et al. 2001b) , we speculate that our combined exercise program may be a potential intervention for fall prevention.
